Genomic DNA Isolation Genomic DNA was prepared from S. murayamaensis as follows: mycelia from a 50 ml culture grown in YEME containing 0.5% glycine were collected by centrifugation, washed twice with 10.3% sucrose, and resuspended in 10ml of a solution containing 25mM Tris (pH 8.0), 50 10mg/ml lysozyme, and 10mg/ml achromopeptidase perature, proteinase K was next added (0.5mg/ml) and was then worked up in standard fashion, and the genomic DNA was dissolved in 3ml TE buffer.
Preparation of a Cosmid Library of S. murayamaensis Genomic DNA from S. murayamaensis was digested with BamHI, KpnI, and PstI, and the digested DNA's were separated by electrophoresis. Southern blots were probed with 32P-radiolabeled actI, the ketoacylsynthase gene from the actinorhodin pathway of S. coelicolor A3(2),23) which was present in pIJ2345, and washed at hybridized moderately strongly with four bands in the BamHI digest (5.6, 4.3, 2.6, and 0.5kb), and weakly with a few more. The probe hybridized moderately strongly with two large bands in the KpnI and PstI digests. packaged in vitro using Giga Pack II XL packaging extract (Stratagene) and then used to transfect E. coli XL1-BlueMR. The manufacturer's protocol was followed. All fifteen cosmid clones from the cluster that proved to contain the kin genes were used to transform S. lividans ZX7,20) derived from S. lividans JT46.28) Four of these transformants produced recognizable S. murayamaensis metabolites (Table 1) , including dehydrorabelomycin. One major metabolite had previously been observed as a very minor metabolite in S. murayamaensis mutant MCl,11) a kinamycin-deficient strain that still produces dehydrorabelomycin and kinafluorenone. It was obtained in sufficient quantity from a large-scale fermentation of S. lividans/pSH 1580 for its characterization as a benzo[b]fluorene analogous to stealthin C, but containing an N-acetylcysteine residue at C-5, and has been named seongomycin.29) Most importantly, the transformants containing pSH 1590 or pSH 1610 also produced kinobscurinone, stealthin C, and kinafluorenone, identified by photodiode array-detected HPLC. The first two are intermediates in kinamycin biosynthesis, and the last is a shunt metabolite.
All twenty-three cosmid clones from the other cluster were also used to transform S. lividans ZX7. However, no new metabolites were produced by these transformants. The studies reported here have revealed that S. murayamaensis contains at least two clusters of PKS genes. Heterologous production of kinamycin biosynthetic intermediates was obtained from only one cluster. It is noteworthy that S. coelicolor has two known PKS clusters, one for actinorhodin34) and one for a spore pigment,35) and the genes for the latter product are not expressed during actinorhodin production.36) We have also found two PKS clusters in S. rimosus NRRL 3016 and in S. WP 4669; in each case heterologous expression was obtained from only one cluster.31) The urdamycin producer S. fradiae Tu 2717 also contains two.37) It is possible that the unexpressed cluster in each of these organisms may code for a spore pigment. Hybridization probes from the actinorhodin (act) pathway were used, and this may have biased the results. Thus, S. murayamaensis is unusual in this group of organisms in that it also produces another aromatic decaketide, murayaquinone,30) under normal conditions. Incorporation of isotopically-labeled acetates38) has indicated that its biosynthesis involves ketone reductions and a folding of the acyclic decaketide intermediate in a manner very different from that found in the isochromanquinones (e. g. actinorhodin), the anthracyclines, or the angucyclines. 
